Abstract -The post-weaning period in pigs is characterized by an immediate but transient drop in feed intake resulting in severe undernutrition and growth check. This in turn affects various aspects of small intestinal architecture and function leading to gut-associated disorders and often diarrhea. Among these, villus atrophy and digestive enzyme activity depression have been documented. More recent investigations clearly demonstrate early signs of local inflammation including immune cell infiltration and increased pro-inflammatory cytokine gene expression, signs of cytoprotection through up-regulation of so-called heat shock proteins, indications of tissue alterations by proteases (stromelysin) and finally epithelial functional disorders in mineral absorption/secretion and permeability. This is followed by a regenerative phase, probably stimulated by feed intake resumption, resulting in down-regulation of many intestinal indicators. However, some of them then display new spatio-temporal adult-type adaptive patterns of maturation. A limited number of substances, particularly nitrogenous compounds and complex preparations of animal origin (colostrum, plasma) have proven to be successful, at least partly, in minimizing post-weaning intestinal disturbances. Thus further research in intestinal physiology, in association with microbiology and immunology, is warranted to strengthen our understanding of the mechanisms of gut disorders in order to provide a better rational basis for designing suitable alternatives to in-feed antibiotics for pigs. clairement montré des signes précoces d'inflammation incluant une infiltration cellulaire et l'expression accrue des gènes de plusieurs cytokines inflammatoires, une cytoprotection renforcée par la sur-expression des protéines du choc thermique, des indications d'altérations tissulaires par des protéases (stromélysines), et finalement des désordres fonctionnels épithéliaux d'absorption et de sécrétion minérales et de la perméabilité intestinale. Ceci est suivi par une phase de régénération intestinale, probablement stimulée par la reprise de consommation alimentaire, et conduisant à un retour à la normale de plusieurs indicateurs. Cependant, certains d'entre eux ont évolué vers des profils spatio-temporels adaptatifs de type adulte. Un nombre limité de substances, particulièrement des composés azotés et des produits animaux (colostrum, plasma) ont démontré leur capacité, au moins partielle, à minimiser les perturbations digestives post-sevrage. De nouvelles recherches en physiologie digestive, en association avec la microbiologie et l'immunologie, sont nécessaires pour renforcer notre compréhension des mécanismes des troubles digestifs. Ceci permettra de fournir des bases plus rationnelles pour développer des solutions alternatives satisfaisantes aux antibiotiques dans les aliments pour porcelets.
INTRODUCTION
Weaning is a major critical period of pig rearing because of increased susceptibility to gut disorders, infections and diarrhea. Over the last decades, the management of this so-called post-weaning (PW) diarrhea syndrome has involved the preventive use of antibiotics and metals (copper and zinc) in weaner diets. However, increased bacterial resistance to antibiotics and environmental problems caused by metals has led the European Union to consider a full ban on in-feed antibiotics by the 1st of January 2006 and a drastic reduction in the levels of incorporation of copper and zinc. These policy changes have prompted the feed industry to propose alternative substances to control PW disorders. Although some alternatives are effective, many others have not yet convinced. Thus, it appears that the detailed mechanisms of intestinal structural and functional alterations first need to be better understood to sustain a rational development of new alternatives and dietary strategies.
Weaning involves complex psychological, social, environmental and dietary stresses that interfere with gut development and adaptation (Tab. I). The immediate effect of weaning is a dramatic reduction in feed (energy) intake leading to undernutrition and a transient growth check. Although the first PW meal is usually consumed within 24 h PW in 50% of the piglets, it has not taken place until 48 h in 10% [7] . Thus, the newly weaned pig needs 3 d PW to meet energy requirements for maintenance and 8 to 14 d for recovery to the preweaning level of energy intake [39] . Intestinal alterations often seen PW in piglets include changes in villus/crypt morphology and in brush border enzyme activities, and implication of enteric pathogens (Escherichia coli and rotaviruses) have also been addressed [65] . Intestinal tissue damage was initially thought to be due to immune-mediated hypersensitivity reactions (reviews by [17, 37, 76] ). More recently, it was hypothesized that immediate anorexia PW was a primary aetiological factor [50] . This review presents the most recent developments in the understanding of PW disorders and some solutions for improvements.
WEANING AND THE INTESTINE AND PANCREAS
The small intestine (SI) and its mucosa lose 20-30% of their relative weight during the first 2 d PW while regeneration will need 5-10 d for full recovery [74] (Tab. II). Marked villus atrophy (-45 to -70% of preweaning values), particularly in the proximal SI, has been repeatedly reported during the degenerative phase [65, 74] . Intestinal crypt depth may [50, 73] or may Gut function and dysfunction in young pigs: physiology 303 not [33, 83] be initially reduced. Intestinal crypt cell proliferation and rates of cell migration appear to depend strongly on energy availability during the first 2 d PW [65, 83] . Crypt depth may also partly reflect gut pathogen exposure since it is shorter in segregated early weaners [78] .
Reduced lactase activity, followed by increased maltase and sucrase activities during weaning, has been consistently reported [65] (Tab. II). This may reflect the maturation of intestinal function in relation to the weaning diet. It was recently shown that maltase mRNA expression developed in parallel with enzyme activity [41] . PW increase of intestinal peptidase activities appears more controversial [40] although recent results reported a transient depression in the activity of some peptidases [aminopeptidase N and dipeptidyl-peptidase IV [33] ; amino-peptidases A and N and dipeptidyl-peptidase IV (J.P. , unpublished data)]. Finally, enteric infections after weaning further depress intestinal enzyme activities [55] .
Regarding pancreatic function, immediate starvation or PW fasting lead to higher tissue enzyme concentrations [47, 48] et al., unpublished data) (Tab. II). This probably reflected a reduced secretion of pancreatic juice into the proximal SI lumen, as shown at a low feed intake [45] . Indeed, pancreatic secretion was shown to be 66% higher 1 d PW as compared to preweaning in piglets eating a substantial (>20 g) weaning diet while secretion remained depressed in low-eaters (I. Luron et al., unpublished data). Levels of pancreatic enzyme mRNA were low immediately PW suggesting a reduction in specific enzyme synthesis [48] . A few days later, tissue levels of mRNA and enzyme activities were progressively restored, with the exception of lipase activity. In pancreatic tissue and juice, trypsin, and to a lesser extent amylase activities are predominantly increased PW, as an adaptative response to weaning feed [64] . Finally, transient depression in pancreatic secretion PW may contribute to intestinal tissue alterations since pancreatic duct ligation [4] and flow diversion [43] in rodents lead to villus atrophy in the proximal SI. With respect to the age of weaning on subsequent intestinal architecture and function, recent data suggest that with very early weaning (at 7 d of age) both the extent and duration of structural changes are more pronounced, and the adaptation of pancreatic function is also slower, in comparison with weaning at 21 d of age [47, 48] (I. Luron et al., unpublished data). However, SI enzyme activities were depressed more after weaning at 21 d. In another study, however, no consistent effect of weaning age was observed on villus/crypt architecture or specific activities of intestinal brush border and pancreatic enzymes [66] . Weaning at a later age (49 vs. 28 d) has limited effects on villus height, and no effect on crypt depth [84] . Similarly, pancreatic enzyme secretion appears to be independent of weaning age after 28 d [63] . 
WEANING AND ABSORPTIVE, SECRETORY AND PERMEABILITY PROPERTIES OF THE SMALL INTESTINE
The intestine displays various functions, including the absorption of nutrients, absorption and secretion of electrolytes (and water), secretion of mucin and immunoglobulins, and selective barrier protection against harmful antigens and pathogens. Comparisons between young sow-fed and fully-weaned piglets have been made for monosaccharide and amino acid transport [10, 68] but little is known on the impact of weaning on nutrient absorption during the immediate postweaning period. In one study using Ussing chambers, the carrier-mediated transport of the dipeptide Glycyl-L-Sarcosine did not change during the first 4 d PW [73] . Na+-dependent glucose absorption displayed a transient increase 2 d PW in the proximal SI [6] (Fig. 1 ). This immediate PW period corresponded to fasting which we imposed experimentally in order to mimick the immediate PW anorexia often observed [50, 65] . Then a more chronic decrease of Na+-dependent glucose absorption in both proximal and distal SI was seen until d 15 [6] .
Data on SI electrolyte and water absorption in vivo are scarce, the only study available indicating a transient decrease [56] . Net fluxes of electrolytes across the intestinal mucosa are measured as the tissue short-circuit current (Isc) in Ussing chambers. Basal Isc decreases with age in the proximal SI 2 wk PW as compared to 7 dold suckled piglets [30] and also in the distal SI of weaned pigs 7 d PW [54] . A more detailed analysis over time revealed a transient PW increase between d 2 and d 5 in basal Isc in the proximal SI but confirms the ileal Isc decrease [6] . This transient increase in basal Isc in the proximal SI may be explained, at least partly, by fasting [13] imposed experimentally PW in our studies [6] . In the colon, the basal Isc was shown to be higher 2 d PW than in 14 d unweaned piglets [3] . This was confirmed by our recent observations [6] .
Enteric pathogens are known to stimulate intestinal secretion of electrolytes and water. Indeed, this was shown to occur 4 d PW compared to the day of weaning, following intestinal loop infection with enterotoxigenic E. coli [56] . This may be accounted for by the peak in E. coli heat stable toxin binding capacity observed 3 d PW [53] . Bacterial toxin-induced electrolyte secretion involves 5-hydroxytryptamine (5-HT) and cyclic AMP. Thus toxin-mediated secretion can be evaluated in Ussing chambers using 5-HT and theophylline, a cAMP agonist. Proximal SI sensitivity to the secretagogues 5-HT and theophylline was reduced two-fold over the period of two weeks PW [6] . This confirms earlier work comparing young sow-fed to fully weaned pigs [22, 30] . The colon of weaned pigs 2 d PW was shown in vitro to have increased responses to electrical field stimulation, thus involving the enteric nervous system, but not to 5-HT, carbachol (a Ca ++ agonist) or norepinephrine [3] . Collectively these data suggest an overall decrease in intestinal sensitivity to secretagogues over age with a transient hypersensitivity to toxins the first days PW.
Intestinal permeability comprises a passage of molecules between epithelial cells (also called para-cellular permeability) and through epithelial cells (also called transcellular permeability). This has most often been evaluated in vitro by measuring mucosal to serosal fluxes of small (mannitol, Na-fluoresceine isothiocyanate, FITC) or large (horseradish peroxidase, HRP) molecules, or tissue trans-epithelial electrical resistance (TEER) in Ussing chambers. TEER is considered to vary in an opposite manner to para-epithelial permeability. Earlier studies did not reveal any significant differences in para-cellular permeability between young sow-fed and fully weaned pigs [30] . However, detailed investigations recently reported increased para-cellular transport of mannitol [73] 2-4 d PW and decreased TEER [5] in the proximal jejunum (Fig. 1) . However, in the mid-jejunum, no effect of weaning was observed on Na-FITC mucosal-to-serosal fluxes [84] . Again, the effect of weaning on trans-cellular permeability to HRP seems to depend on the site of the jejunum studied since we observed a decrease of HRP flux after weaning in the proximal jejunum [5] ( Fig. 2) whereas an increase has been recently reported 4 and 7 days PW in the mid-jejunum [84] . Curiously, at the ileum, earlier results led to conflicting results with either no change in TEER between 14 d-old and 14 wk-old piglets [51] or an increase in TEER between newborn and 21 d-old weanling piglets [72] . Colonic TEER increased 2 d PW [3] . Thus, further studies are warranted to clarify this question of changes in intestinal permeability PW. Finally, neither para-and trans-cellular transports nor fluid absorption changes PW were shown to be influenced by the age at weaning at 4 or 7 weeks [84] .
WEANING AND INTESTINAL CYTOKINES
Intestinal alterations and PW diarrhea were initially thought to be a consequence of gut immune-mediated hypersensitivity reactions to dietary proteins [17, 37, 76] . Then an alternative hypothesis was formulated that the immediate PW anorexia was responsible for intestinal inflammation and that responses to new dietary antigens was probably secondary [50] . It was also shown that plasma IL-1 concentration transiently increased 2 d PW [49] . Recently, gene expression of the pro-inflammatory cytokines IL-1β, IL-6 and TNF-α was shown to increase during the first 2 d PW, at the time when small intestinal villus height and digestive activities were drastically reduced [61] (Tab. III). Then gene expression returned to pre-weaning levels, except for TNF-α in the colon. IL-8 gene expression decreased in the jejunum and increased in the proximal colon after d 2 PW, without significant changes in the other gut segments. IL12p40 mRNA levels also decreased 2 d PW in the duodenum, ileum and proximal colon. That was true for IL-18 in the jejunum only. The pro-inflammatory cytokines IL-1β, IL-6 and TNF-α are early mediators produced in response to tissue damage and are known to affect intestinal epithelial permeability and ion transport [52] . They could also be involved in the activation of intestinal epithelial cell differentiation and immune functions. IL-12 and IL-18 promote inflammatory responses by enhancing "type-1" lymphocyte and natural killer (NK) cell responses [58] . Thus weaning in piglets is associated with early gene up-regulation of pro-inflammatory cytokines probably contributing to early functional disorders favoring diarrhea. Subsequent down-regulation of most pro-inflammatory cytokine genes could be directly mediated by heat shock proteins [46] . 
WEANING AND INTESTINAL CELL PROTECTION BY HEAT SHOCK PROTEINS
Cells, tissues and organs subjected to various kinds of stress, including heat, become resistant to a second stress thanks to the production of so-called heat shock proteins (HSP). They belong to the families of low (HSP 27), medium (HSP 70) or high (HSP 90) molecular weight proteins with various cytoprotective functions (see review by [24] ). HSP 27 interferes with actin filament dynamics of the cytoskeleton whereas HSP 70 confers thermotolerance and protects against apoptosis, endotoxins, reactive oxygen species, radiation and ischemia. HSP 90 is considered as a house-keeping protein for cell growth and differenciation. HSP are involved in mucosal defense as shown in stomach pathophysiological states [81] . Recently, HSP 25 and HSP 70 were demonstrated to be implicated in the protective actions of butyrate [70] and glutamine [88] , respectively, in cultured cells. Since these nutrients are known to alleviate small intestine PW alterations in piglets, we studied the impact of weaning on gut HSP patterns [16] . Most changes observed in HSP protein concentrations were precocious (6 to 48 h PW) and transient (Tab. IV). HSP 27 and HSP 70 were over-expressed, especially in the stomach and proximal SI. In constrast, HSP 90 tissue levels increased in the stomach and jejunum while later decreasing in the duodenum, ileum, and colon. Part of these changes in HSP 90 expression may be explained by fasting [31] . Interestingly, the mechanisms of HSP response-induced cytoprotection involve inhibition of pro-inflammatory cytokine production and induction of epithelial cell proliferation [46] .
WEANING AND INTESTINAL MUCINS
Mucin through mucus greatly contributes to the health of the gut through lubrication, physico-chemical protection and prevention of bacterial adhesion (review by [27] ). Curiously, data on gut mucin biology in pigs are scarce and rather conflicting. Earlier results obtained in sow-fed piglets indicated increased goblet cell densities in SI villi and crypts over the first five weeks of life [19] . Also, acidic goblet cells have densities higher in the villi, and lower in crypts, than neutral cells [8] . Weaning induced an early drop, followed by an Table IV . Post-weaning changes in the tissue levels of heat shock proteins (HSP) in various sites of the gut of young pigs weaned at 28 days of age (adapted from [16] ). [20] . This pattern may have resulted from transient PW anorexia since underfeeding lowers the levels of mucin [44] and goblet cell densities in the villi [57] . This apparently did not influence the neutral to acidic goblet cell ratio in the villi but cells with sulfated mucins had densities increased in the crypts [8] . Recent data does not confirm such changes in small intestinal villus goblet cell densities or mucin sub-types in PW piglets [73] . In the colon, a transient decrease in goblet cell densities of the three types (neutral, acidic, acidic-sulfated) was observed in one study [9] but not in another [8] . A third study reported reduced levels of fucose and glucosamine and increased levels of sulfate in colonic mucins following weaning [82] . Studying mucins in the intestinal lumen may provide more information on gut stimulation. Weaning appears to increase mucin concentrations in the ileal digesta [60] . We recently developed an ELISA assay for porcine gut mucin in order to explore this aspect further [62] . Thus, the actual changes in goblet cell and mucin biology following weaning are unclear and they warrant further elucidation.
WEANING AND PROTEIN AND AMINO ACID METABOLISM
The weight of the gastrointestinal tract of the piglet increases three-fold (from 2 to 6% of bodyweight) between birth and two weeks PW (see review by [12] ). Most of this increase is due to enterally ingested nutrients. Transient anorexia results in an overall decrease in SI protein and DNA mass, particularly in the proximal SI. During resumption of feed intake, the increase in SI weight exceeds that of bodyweight, indicating the priority of the intestinal tissues for growth [71] . Gut nutrient requirements are covered by both the enteral and arterial routes, the former being essential for sustaining normal proliferation and growth [11, 77] .
The gut of piglets, as for many mammals, has been shown to be a major site for amino acid (AA) oxidation (Gln, Glu, Asp), net synthesis (Pro, Ala, Tyr, Arg, ornithine, citrulline) and utilization for protein synthesis (Thr, Lys, Phe, branched-chain AA, Met) (review by [12] ). Some indispensable AA are also essential to intestinal protection and defense: threonine for mucin, cysteine for glutathione, tryptophan and histidine for 5-HT and histamine, methionine for polyamines, arginine for nitric oxide, etc. [12] . Weaning is followed by substantial changes in AA metabolism (Fig. 2) . Enterocyte metabolism of glutamine, arginine and citrulline is increased in weaned, compared to unweaned piglets [89] . Moreover, it results in the induction of the activity of various intestinal enzymes involved in the metabolism of these AA [25] . This was shown not to be age-or dietdependent [18] but to be a non-specific adaptation process mediated by glucocorticoids [25, 26, 91, 92] . Collectively these metabolic adaptations observed at weaning converge towards the production of molecules having a physiological importance for intestinal adaptation, repair and protection under stressful conditions: glutathione [69] , energetic compounds and polyamines [91] , and nitric oxide [93] . Oral supplementation with glutamine [90] or glutamate [23] PW were shown to prevent intestinal mucosal atrophy. These favorable effects may be mediated through down-regulation of proinflammatory cytokines in the intestinal mucosa [14] .
Protein synthesis rate after weaning is increased in the intestine while decreased in the muscle [71] and intestinal protein synthesis is little influenced by protein or tryptophan deficiency [15, 67] . This protection of the gut from protein deficiency has been confirmed in piglets fed high energy levels [21] . In parallel, an increase in oxygen consumption per kg lean mass is found in pigs limited in protein intake compared with controls. This may be related to the fact that, at a similar protein to energy ratio, increasing fat content of the diet strongly stimulates protein synthesis in portal-drained viscera [67] . By contrast, recent data reported that AA provided luminally are a key factor required to reduce the expression of genes connected with intestinal proteolysis [1] . Mucosal protein synthesis can be increased by adding a colostrum extract to the diet [47] . Thus, the metabolism of digestive organs of young pigs is well suited for developmental and adaptative changes even in situations of severe undernutrition that occurs with early weaning. The next step would be to distinguish between metabolic activities associated with digestive versus immune functions.
WEANING AND INTEGRATION OF GUT PATHO-PHYSIOLOGY DATA
Most data collected during the PW period converge to indicate that feed intake, body growth and intestinal villus height correlate positively [65, 74] . Interestingly, trans-and para-cellular transport correlated positively, and villus height negatively, with CD8+ T lymphocyte densities, thus linking inflammation to morphological and functional alterations during weaning [73] . However, intestinal morphology parameters did not correlate with permeability [73] , suggesting distinct mechanisms operate. Also PW energy intake tends to correlate with villus height in the mid SI and with CD4+ to CD8+ cell density ratio [73] . Crypt depth has been found to correlate with crypt mitotic counts [33] , and with HSP 90 expression [16] emphasizing the role of this HSP in cell division and differentiation. Recently, using linear regression, we analyzed in detail the relationships between morphology parameters and digestive enzyme specific activities during the acute (d 0-d 3) and adaptative (d 3-d 8) PW phases (J.P. Lallès, 2003, unpublished data) . First, the proximal SI was the most affected by the changes. Second, villus height to crypt depth ratio correlated better than villus height alone to enzyme activities during the acute phase. Furthermore, still during the acute phase, this ratio was positively correlated with the specific activities of amino-peptidases (A and N) and disaccharidases (lactase, maltase, sucrase), but not with alkaline phosphatase, an enzyme often considered as a morphology marker. Relationships were the strongest with aminopeptidase N and lactase (these positively auto-correlated), and to a lesser extent with amino-peptidase A, maltase and sucrase. In sharp contrast with this, during the adaptative phase relationships between morphology and enzyme activities all became virtually non-significant. These data would suggest that during the immediate PW phase, changes are strongly inter-related and may collectively reflect the shortage in luminal nutrient provision. Indeed, it has recently been shown that the lack of luminal AA favors intestinal proteolysis [1] . In contrast, the adaptative phase is characterized by distinct patterns of enzyme adaptation to the new diet and the environment leading to a more adult phenotype.
WEANING AND ALTERATIONS IN GUT STRUCTURE AND FUNCTION: SOLUTIONS?
Immediate anorexia PW is now largely recognized as a major aetiological factor in gut disorders in piglets [65, 74] . Therefore, the factors stimulating PW feed intake should improve gut structure and function.
As expected, dairy products including skim milk powder and whey have favorable effects on feed intake, growth performance, feed efficiency and health in piglets, because of high digestibility of proteins and energy (see review by [79] ). Providing weaner diets in a liquid form is also favorable for feed intake and health [7, 35] . Supplementing diets with animal proteins such as colostrum [42] or spray dried plasma (SDP, review by [85] ) do have a positive influence on the various aspects of the intestine. For example, SDP incorporated at a level of up to 6% was repeatedly shown to stimulate growth performance (+27%), mostly as a result of increased feed intake (+25%) [85] . These changes were reduced, however, in the presence of ingredients of plant origin. Recently, SDP also proved to be protective during the first week PW when incorporated together with other nutrients into drinking water [75] , with the incidence and severity of PW diarrhea and intestinal damage usually being reduced. In addition to the high palatability of SDP, these positive effects probably involve the anabolic activity of IGF-1 present in SDP, the immunoglobulin-independent glycoprotein-enhanced protection against E. coli and the specific protection brought about by plasma immunoglobulins [85] . Interestingly, plasma IGF-1 level was also increased following colostrum supplementation [42] . Recently, the protective effect of specific anti-E.coli immunoglobulins from SDP was demonstrated [59] . Also SDP reduces pro-inflammatory cytokine (IL-1β, IL-6 and TNF-α) gene expression in many tissues [80] and immune cell density in the intestinal mucosa of piglets [34] . These data collectively suggest an overall reduction of the level of immune activation PW. Some studies with SDP, however, did not show improved responses to E. coli challenge [86] or reported immune over-responses and increased intestinal damage following a lipopolysaccharide challenge [80] .
Increasing the level of feed (energy) intake, however, does not always lead to improvements in intestinal architecture and function: there is no effect on either paracellular permeability of mannitol in conventionally weaned piglets [73] , or on mRNA expression and activity of disaccharidases and mRNA expression of peptidases in early weaned piglets (J. Marion et al., unpublished data). Besides feed intake, feed composition of weaner diets appears to have no, or limited, effects on intestinal transient inflammation [50] , permeability and absorptive-secretory parameters in Ussing chambers [5, 6, 54, 73] or goblet cell populations and types of mucins [20, 73] . High lactose-low protein diets tends to reduce villus atrophy and paracellular permeability but hydrolyzing plant proteins or providing either glucose, lactose or starch has no comparative advantage [74] (Tab. V). Studies with unsaturated fatty acids, which are known to be beneficial in humans and rodents, are scarce in piglets [12] . In contrast to the limited improvements of intestinal health through manipulating dietary energy supply, particular AA have proven to be valuable (Tab. V). This may be due to the recent finding that when provided luminally AA reduce intestinal proteolysis [1] . Supplementation with glutamine (1-4%) and glutamate (6.5%) improves both intestinal architecture and feed efficiency during the first week PW to various degrees [23, 90] . This is true for arginine (0.93%) but not for citrulline (0.94%) or ornithine (0.90%) supplementation [23] . In contrast, cystine supplementation adversely affects gut mass [32] . Alanine and glycine were earlier demonstrated to stimulate the production of the so-called "antisecretory factor" in weaned piglets, to improve growth performance and to reduce the incidence of diarrhea (see review by [28] ). This factor is low in plasma immediately PW (see review by [38] ). Finally, polyamine supplementation has been shown to improve the intestinal integrity and growth performance in 10 d-old piglets [29] but apparently has detrimental effects in older piglets [23] . Further studies are needed to evaluate the dose efficacy of AA supplementation.
CONCLUSIONS AND PERSPECTIVES
Many factors interact at weaning to generate spatio-temporal changes in architecture and functions of the piglet intestine. Based on PW feed intake kinetics, these changes have been divided into an early acute (or degenerative) phase and an adaptative (regenerative) phase [65] . The most recent intestinal physiology data obtained both in vivo and in vitro fit well with this concept. Indeed, the acute phase includes early tissue atrophy and degradation (by stromelysin proteases, [50] ), inflammation (cells, cytokines) and transient up-regulation of cyto-protection systems (HSP), together with consequences on intestinal barrier function. Subsequently most of these early events are down-regulated to allow the regenerative phase to occur. However, some parameters are durably set at PW adult-type levels, reflecting, therefore, intestinal maturation. Although the spatial co-ordination of this process is apparent from some studies, the temporal sequence of events and their control remains to be fully described.
Regarding the dietary management of PW disorders, feed (energy) intake undoubtedly exerts a major influence on initiating the process. During the regenerative phase, many important AA contribute to alleviate intestinal alterations by providing gut tissue with fuel and precursors for defense systems and also by limiting proteolysis. In contrast with this, the sources of digestible energy do not appear to be so critical at this phase.
Finally, the known importance of the gut flora in maintaining gut health, through diversity, stability, metabolites and crosstalk with the epithelium and the underlying immune system (review by [2] ), means that improved PW gut protection may be achieved through more subtle manipulation of diet fermentation by the flora along the digestive tract (see review by [87] ). This topic is examined in detail in the following review of this workshop [36] .
